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Gentlemen : 

This s t a t u s  r epor t  covers work during t h e  period 1 December 1964 
t o  28 February 1965 under Contract No, NASr-54(06), Man-Machine Performance 
Measurements, By t h e  end o f  t h i s  period approximately 70% of the  budgeted 
funds for  the  first yea r  have been expended, 
formally runs  from 1 March 1964 t o  28 February 1965 but  because of delayed 
f i n a l  negot ia t ions  and delays i n  pro jec t  i n i t i a t i o n ,  work a c t u a l l y  s t a r t e d  
on o r  about 1 June 1964, 
work has been requested t o  30 June 1965, 
begin as o f  1 Ju ly  1965, 

The first year  con t r ac t  

A s  a r e s u l t  a no-cost extension of  t he  first yea r ’ s  
The second year ’s  funding is  t o  

Experimental work on human performance c h a r a c t e r i s t i c s  and equip- 
ment development f o r  a ~ - ~ d u c t  and ana lys i s  of experiments are continuing as 
ind ica t ed  below, 

1. EXPERIMENTAL STUDIES 

Three-State Relay Control S tudies  

Data c o l l e c t i o n  and ana lys i s  o f  t h e  th ree - s t a t e  r e l ay  con t ro l  
s tudy  inves t iga t ing  d isp lay  of e x p l i c i t  ve loc i ty  information is complete, 
This experiment i s  being wr i t t en  up f o r  presenta t ion  a t  t h e  May meetings 
of t h e  Sixth Annual Symposium on Human Factors  i n  Elec t ronics  i n  Boston, 

A second s tudy i n  t h i s  s e r i e s  (65-1) has been designed and i n i t i -  

It  was found i n  the  previous 
ated; In + h i s  experiment f i i r t he r  evaluation of the t i m e  necessary t o  
process  v i s u a l  feedback is being explored, 
s tudy  t h a t  opera tors  who were required t o  con t ro l  a pure acce le ra t ion  
system by ac tua t ion  of two response keys t h a t  appl ied a simulated force t o  
t h e  pure i n e r t i a l  system, r ap id ly  converged on the  s t r a t e g y  of  using b r i e f  
pu l se s  t o  provide small increments i n  output  ve loc i ty  and pos i t i on  a f t e r  
n u l l i n g  out  t h e  i n i t i a l  e r r o r ,  
determined t h a t  a p o t e n t i a l l y  usefu l  measure of t h e  time necessary t o  make 

Capi ta l iz ing  on t h i s  behavior,  it w a s  
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c o n t r o l  dec is ions  could be der ived from examining t h e  in te r response  time 
following t h e  occurrence of these  b r i e f  pulse  responses,  
a r b i t r a r i l y  def ined t o  be a response of dura t ion  less than 120 mill isec, ,  
then e s s e n t i a l l y  no eva lua t ion  o f  pulse e f f ec t iveness  can be ca r r i ed  out  
during t h e  pulse  durat ion i t s e l f ,  Thus t h e  time following each pulse  must 
be spent  deciding what t o  do next,  In  t h e  previous s tudy t h e  modal time 
necessary t o  determine t h e  e f fec t iveness  of  t h e  l as t  response and t o  i n i t i -  
ate t h e  next  ac t ion  was i n  t h e  range of 300 millisec, 

If a pulse  i s  

I n  order  t o  v e r i f y  t h a t  t h i s  in te r response  time is, i n  fact ,  
contingent on v i s u a l  information ava i lab le  after t h e  pulse  and t o  f u r t h e r  
assess t h e  r e l a t i o n s h i p  between the  a v a i l a b i l i t y  of  v i s u a l  information and 
dec is ion  t i m e ,  four o f  t h e  sub jec t s  from t h e  previous experiment are being 
r e c a l l e d  t o  perform t h e  same ta sk  with a new cons t r a in t  added, 
t h e  opera tor  completes a response meeting t h e  d e f i n i t i o n  of a pulse ,  v i s u a l  
information i s  withheld momentarily, t h a t  i s ,  t h e  d i sp lay  is blanked for a 
b r i e f  per iod following each pulse,  
durat ion of  blanking (ranging from 170-410 m i l l i s e c , )  and the  delay between 
t h e  occurrence o f  t h e  pulse  and the  onse t  of blanking (ranging from 68-335 
millisec,), 
combinations of t h r e e  values  of blanking and t h r e e  values  of delay,  
before ,  t h e  va r i ab le  of i n t e r e s t  w i l l  be t h e  d i s t r i b u t i o n  of response times 
following pulses ,  
should be poss ib l e  t o  manipulate the pos i t i on  and shape of  t h e  d i s t r i b u t i o n s  
by t h e  in t roduct ion  of  blanking, 
f u l  i n  forming a br idge between the concepts of information processing i n  
d i s c r e t e  tasks and t h e o r e t i c a l  formatulat ions of  continuous con t ro l  behavior. 
I t  has the  p o t e n t i a l  of making t h e  d i s c r e t e  time measurement usefu l  i n  t h e  
continuous con t ro l  case thus  providing a s e n s i t i v e  measure of the  effect of 
t a s k  va r i ab le s  on performance, 

Whenever 

The experimenter has con t ro l  of t h e  

In  a s e r i e s  of sessions a l l  s u b j e c t s  w i l l  perform with a l l  
As 

If these  times represent  feedback processing time, it 

This kind of  da t a  should prove very use- 

Cont ro l le r  Performance With Predictable  Input  S igna ls  
QmpI 

The da ta  c o l l e c t i o n  for the  study of  opera tor  performance with 
s i n e  wave input  s i g n a l s  (65-2) is two-thirds complete, 
t h r e e  sub jec t s  a r e  being given extensive t r a i n i n g  (32 one-hour d a i l y  
s e s s i o n s )  a t  t r ack ing  pure s i n e  waves a t  f i v e  frequencies:  
1003 ,  2,07 and 4,0 cps, 
four-day blocks of p rac t i ce ,  
following independent va r i ab le s :  

In  t h i s  experiment 

0,09, 0050, 
During t r a in ing  each sub jec t  is completing e i g h t  

Each block inc ludes  a l l  combinations o f  t h e  

Independent Variable Parameter Constants 

Display Gain '9,,5, P5,O volts/cm 
Control Gain 1,42, 3,12 deg/vol t  
Control S t i c k  Spring Constant .0235, ,0645 lbs/deg 
Display Mode Pur su i t ,  Compensatory 
Input Peak Amplitude 30 v o l t s  

Subjec ts  are provided with augmented feedback beyond t h a t  provided by t h e i r  
v i s u a l  d i sp lay  by l i s t e n i n g  t o  a tone whose p i t c h  is propor t iona l  t o  t h e  
in tegra ted-absolu te -er ror  averaged over a 2 sec3 period,  
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In addi t ion  t o  integrated-absolute-error  scores ,  da t a  are being 
recorded on magnetic tape  for fu r the r  ana lys i s  and graphic  records of t h e -  
c r i t i ca l  output va r i ab le s  are being obtained, 
being programmed on an analog computer which can be used f o r  on- and of f -  
l i n e  s i g n a l  ana lys i s ,  
sub jec t s  output pos i t i on  and veloci ty  s igna l s ,  
given t o  the  usefulness  of an integrated-absolute-veloci ty-error  s i g n a l  
der ived from t h e  d i f fe rence  between the  o p e r a t o r w s  des i red  and a c t u a l  
ve loc i ty  output 

A power spectrum analyzer  is 
* 

It  is planned t o  obta in  power s p e c t r a l  es t imates  from 
Consideration i s  also being 

It is  our b e l i e f  t h a t  any genera l  theory of  manual con t ro l  
behavior must be a b l e  t o  represent  and p r e d i c t  performance i n  con t ro l  of 
p red ic t ab le  input  s i g n a l s  o f  which s i n e  waves are a s p e c i a l  case, 
s tudy w i l l  make a cont r ibu t ion  toward descr ib ing  i n  considerably g r e a t e r  
d e t a i l  then has previously been possible  what some of  the  phenomena of 
p red ic t ab le  s i g n a l  t racking  a r e  t h a t  need t o  be  represented  i n  a theory or 
model, 

This 

Planning has been i n i t i a t e d  f o r  a second s e r i e s  of s t u d i e s  of 
p red ic t ab le  input  s i g n a l s ,  In  study 65-3 a s p e c i f i c  movement pa t t e rn  last- 
ing  less than f i v e  seconds w i l l  be se l ec t ed  and sub jec t s  w i l l  be  t r a i n e d  t o  
perform t h i s  s p e c i f i c  movement i n  seve ra l  d i f f e r e n t  modes, 
mods-they w i l l  be  requi red  t o  follow t h e  p a t t e r n  as presented i n  a p u r s u i t  
d i sp l ay  on an osc i l loscope ,  I n  the k i n e s t h e t i c  mode they w i l l  be requi red  
t o  watch t h e  pa t t e rn  pass ive ly  and then reproduce i t  by f e e l  alone, 
slow-motion mode they w i l l  t r a c k  t h e  same amplitude p a t t e r n  scaled longer  
i n  time by a factor of two or four ,  Cr i t e r ion  performance w i l l  be judged 
i n  terms o f  the  a b i l i t y  t o  make the prec ise  movement i n  pos i t i on  and 
ve loc i ty  i n  the  absence of  v i s u a l  information, 
s ide red  sepa ra t e ly  and i n  combination i n  order  t o  eva lua te  t h e  e f f ec t iveness  
of each mode f o r  t r a i n i n g  p rec i se  pred ic tab le  movementso 
of these  da t a  range from t he  t r a in ing  o f  a t h l e t i c  s k i l l s  t o  p rec i se  space- 
veh ic l e  maneuvers, 

In  t h e  v i s u a l  

I n  t h e  

These modes w i l l  be  con- 

The a p p l i c a b i l i t y  

20 RESEARCH FACILITY DEVELOPMENT 

Pseudo-Random Noise - Generator 

Design and cons t ruc t ion  o f  t he  pseudo-random noise  generator  
descr ibed i n  the  last  progress  repor t  has been completed and d e t a i l e d  
inves t iga t ion  of  i t s  output amplitude d i s t r i b u t i o n  and power spectrum have 
been i n i t i a t e d ,  
r e g i s t e r  and the  cut-off frequency o f  t he  analog f i l t e r  t h a t  converts t h e  
b ina ry  pulse  t r a i n  i n t o  a continuous s i g n a l  i n t e r a c t  c r i t i c a l l y  i n  def in ing  
t h e  shape of t he  output  amplitude d i s t r i b u t i o n ,  

It appears t h a t  t h e  dr iv ing  frequency of  t h e  s h i f t  

- 90 .&plifier Repetitive-Operation AnaloE Computer - 
The Information and Control Engineering Laboratory has had under 

development f o r  a number of yea r s  a l a r g e  analog computer which is  being 
used i n  support  of t h i s  and o the r  pro jec ts ,  This computer was designed 
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hnd b u i l t  by labora tory  s t a f f  members and i s  more or less cont inua l ly  under 
development. 
p a r t  by t h i s  p ro jec t ,  include i n s t a l l a t i o n  of  ex tens ive  d i g i t a l  l o g i c  
modules which w i l l  g r e a t l y  improve its f l e x i b i l i t y  and w i l l  make it capable 
of performing i n  a r e p e t i t i v e  operation mode, 
t he  s p e c t r a l  ana lys i s  programs, orthornormal f i l t e r  programs, etc, are 
being implemented. 

The most recent  modif icat ions which have been supported i n  

It is t h i s  machine on which 

3. RELATED WORK 

Conference on Manual Control 

On December 3rd through 5th t h e  MichiP&SA Annual Wor- 
c o n f e r s e e  VU 
s i t y  campus. 
government and un ive r s i ty  l abora to r i e s  p a r t i c i p a t e d ,  
p re sen ta t ions  were given i n  7 morning, af ternoon and evening sess ions ,  on 
t o p i c s  ranging from app l i ca t ions  of quas i l i nea r  descr ib ing  funct ion ana lys i s  
t o  t h e  manned booster  problem, t o  considerat ion of phys io logica l  va r i ab le s  
o f  importance f o r  understanding manual con t ro l  performance , 
Development of human opera tor  models, manual con t ro l  a n a l y s i s  and measurement 
technique, human performance and p i l o t e d  s imulat ion s tud ie s ,  and app l i ca t ion  
o f  manual con t ro l  theory. 
h igh l igh t ing  the  i s sues  fac ing  f u r t h e r  development and app l i ca t ion  of  manual 
c o n t r o l  theory and p r inc ip l e s ,  
e f f e c t i v e  i n  promoting informal  information exchange and it is  recommended 
t h a t  f u r t h e r  conferences of  t h i s  type be held i n  the  fu tu re .  

was held a t  t h e  Rackham Building on t h e  Univer- 
Seventy-three of  seventy-five i n v i t e e s  represent ing  i n d u s t r i a l ,  

Approximately 35 

Sessions included: 

Discussion was wide ranging and e f f e c t i v e  i n  

Pa r t i c ipan t s  agreed t h a t  the  conference w a s  

Personnel 

The following personnel have worked under t h i s  con t r ac t  during 
t h i s  r epor t ing  per iod,  

R, M a  Howe 
Po M. F i t t s  
R ,  W. Pew 
J, Duffendack 
J. Frait 
R, Zauel 
Lo Kiplinger 
Ro Rapley 

Fract ion of Time 

0 10  
0 10 
4 50 
o 40 
o 50 
025 

1000 
50 

Sincere ly  yours, 

R, M ,  Howe 

R, W, Pew 

Co-Principal Inves t iga to r s  
RWP/mr 


